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INTROIIJCTION

is report on ,tudies of chromosome translooations in corn covers an

analysis of 588 translocations at -the mid-stage prophase Of these 220 were

from the collection of translocations maintained by Dr. E G. Anderson at

the Caiifornia Institute of Technology, 179 occurred I/progenies from dry

corn seed trcated with measured dosages of X-rays, d 172 occurred in progenies

from seed exposed to ionizing radiations fro eWTest ABLE bomb, July 1, 19461/.

The analyses of the trpnslocrtions,• the Lazt two groups are part of the

oooperative investigation conz.ju&d by the Navel Medical Research Seotion, the

U. S. Department of 4tioulture, the Caiifornia Institute of Technology, and

CorneLl UnivrWty, to determine the biological affects of ionizing radiations

from the atomic bomb.

The articles by 4rdolphyl-on oytogenetio effects and by Ande.-son (1u) on

hereditary effects reourd certain aspeota of these cooperative investigations.

Tmis reporýpresents data showing similarities and differenaes in the character

of tbo chromosomal cisturbances resulting from the different types and dosages

of radiati cn ,

The ooourrinoe reoiprocaL translocation between non-homologous chromosome

of oorn was recognized nty years ago, and its cytologioaL oonfirmation was

recorded shortly afterwar ds. The publications of Brink (1.2), Brink and Burnham

(13), Burnham (16, 17, 18, 19, 2 21, 22), MoClintook (26, 27, 28), Brink and

Cooper (1i4, 15), Creighton and IMoClin k (24), Rhoades (29, 30), Beadle (11),

Anderson and his associates (1-10), and C k end Anderson (23) reported genetic

and cytological data concerning certain of the lier-reoognized tranalooations

in corn, and demonstrated the usefulness of trunslboations in at-tacking many

genetli and cytogenetic problems.

y/For additionaL detaiis concerning the preparation and exposure of the ;e seed&
see R.H. Draeger and Shields Warren, U.S. Nay. Mod. Buil. 1947, 47,219-224 and
L.F. Randolph, A.E. Longley and Chin I~uing Li, Science, 1949, l0i8l;-ibe
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MA•ERIAL AND METBODS

Abundant miorosporocyte material with the chromosomes well spread and well stained

is essential for the analysis of translocathAns with a minimu k of 'ffort. To facilitate

the preparation of good pachytene stages, material was 4ollected during the part of the

day in which plant growth seemed to be most active. Nearly all translocations studied had

been transferred to strains of corn that seemed to have the pachytene ohromnosomes well

spread and that he.d many of their chromosomes marked by one or more readiLy-identifiable

morphological characters. Thus, the more obvious aids for chromosome studies were in-

troduced into the strains used.

The proper staining of mid-prophase chromosomes of corn is not fully standardized.

The method used in preparing acetooarmine umears was modified from time to time to cope

with the ageing of stored mioroesporocyte material. Ageing usually causes the cytoplasm

as well as the chrom•osomes to abeorb the stain. When this becomes too pronounced the

contrast between cytoplasm and chromosomes is lost. This contrast can be restored al-

most completely if, after staining, the staining medium is made more acid by adding a

small amount of li(X glacial acetic acid to one side of the slide and working it

gradually into the stain. If the proper aoidity has been approximated, the cytoplasm

clears but the chromosomes retain their stain when the cover glass is put on and the

slide heated.

Non-hemologous pairing in certain types of transiocation comnplexes causes Oon-

siderable difficulty in determining the points of breakage in a few configurations.

This abnwrma pairing usually can be detected, when several translocation figures

are compared, because of the variable position of the cross that marks the exchange

points.

Usually sufficient tmansiocation fishres were obtained to fix the points of

exohange for each chromosome. Three or more oamsera lucida drawiugs of the clearest

figures were made and by map rule measurements the distance of the break from the

fibre attachment of each chromosome was calci ted and recorded as a decimal fraction of

the total length of the chromosome arm.
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OBTAINED DATA

The material described in this study adds appreciably to the number of

translocations available for use in cytogenetic research. The feature

emphasized here is a comparison of the effectiveness of various types and

dosages of radiation for producing breaks in differenct chromosomes, chromosome

arms and sections of chromosome arms.

The term "break" in this discussion is restricted to breaks that subsequently

heal with breaks in other chromosomes and produce transmissible reciprocal

translocations. Consequently, break freqLency, as used, may not include all

breaks produced by the radiation.

Distribution of Breaks amo the Ten chromosome

The observed and calculate& numbers of breaks in each chromosome resultirg

from the Bikini treatmernts are reported in Table 1. Similar data for X-ray

treatments are reported in Table 2. Data on the collection of translocations

maintained by the California Institute of Tecimology (C.I.T.), which vas

assembl.d from diverse sources, are reported in Table 3 for completeness and

to permit comparisons. The data in Tables 1, 2 and 3 are sumuarized graphic-
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Tabie 1. Chromosome breaks observed in the progeny from needs exposed to
uhe Toet AHLE Bomb at Bikini.

Chromo-' " ' Lot 3 , ' Total

Ob' Ob ' Ob' C 'X '0b' Ob' Ob' C ' 2
75 No. No. No o No. No.

1 0 0 54 48.0 .75 0 0 54 bl.3 .14
2 0 0 32 38.8 1.91 0 1 33 41.4 1.70
3 1 0 31 36.1 1.03 0 0 31 38.6 1.50
4 0 0 30 34.6 .61 0 1 31 36,6 .86
5 3 0 42 34.9 1.44 1 0 46 57.2 2.08
6 1 1 2v 28.4 .01 0 0 31 30.3 .02
7 3 0 23 27.3 .68 2 0 28 29.1 . 04
8 2 1 43 27.7 8.45 2 0 48 29.5 11.60
9 0 1 24 25.2 .57 1 0 26 26.9 .30

10 0 1 15 21.5 1.97 0 0 16 25.0 2.13

Totals 10 4 32" 17.42 6 2 ;44 , UI

Table 2. Chromosome breaks observed in the progeny from needs exposed to
X-ray treatments.

, 50u0- ' , 20U00- ,
Chromo- , lU0o0r ' 150006, 25000v Total
somne I'Ob C Ob c X Ob C X Ob C

No. No. No. No. No. No. No. No.

1 4 7.7 1.78 22 66.7 4.06 8 1i.9 1.28 34 56.3 )9
2 5 6.3 .27 23 27.2 .64 7 9.6 .70 35 46.0 1.49
3 5 5.8 .11 30 25.4 .83 5 9.0 1.78 40 40.2 .01
4 4 5.5 .41 18 24.0 1.50 9 8.5 .03 61 38.1 1.32
5 9 5.6 2.U6 24 24.5 .01 10 8.7 .19 43 38.7 .48
6 8 4.6 2.51 2o 19.9 1.31 7 7.1 .01 40 31.6 2.23
7 5 4.4 .08 24 19.1 1.26 7 6.8 .01 36 30.3 1.U7
8 5 4.5 .06 25 19.4 1.62 14 6.9 7.31 44 30,5 5.66
9 5 4.1 .20 17 17.7 .03 7 6.3 oU8 29 28.1 .03

10 2 3.5 .64 18 15.1 .b6 6 5.3 .09 26 23.8 .20

Totals 52 8.12 226 11.32 80 11.48 658 19.48
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Table 3. Chromosome breaks observed in the California Institute of Teohnology
oolleotion, aertain misoelianeods stocks, and the grand total of all
obeorved breaks.

SI

I I

Chromo- C.I.T. , o , Grand
soxl ' olleotion , ," o Total

0 I

Ob c ob _CX2

No. ho. No. No. No.

1 53 65.6 2.42 1 142 175.3 6.33
2 56 5Z.9 .18 2 126 141.5 1,69
3 45 49.3 .38 5 121 Lt3•. 1.24
4 42 46.8 .49 4 108 126.2 2.61
5 58 47.6 1.48 6 151 127.3 4.42
6 43 38.8 .46 1 115 102.6 1,50
7 34 37.2 .28 5 103 99.5 .12
8 40 37.8 .13 5 137 101.0 12.83
9 38 34.4 .38 4 97 92,t) 27

10 33 29.4 .44 1 76 78.6 .08

Toal "440 6.64 34 1176 31.09



Mhe calculated (C) numbers of breaks shown in the a 'oe moutioned

tables were computed from the observed (Ob) numbers on the basis of ohromo-

some length. Utilizing the total numbers of breaks observed for each treat-

ment and the total Length of the 10 ohromosomes at the pachytene stage,

the expeot•d number of breaks could be computed for each chromosome on the

basis of random distribution of breaks over this entire length.

The ohi-square tests indicate a non-random distribution of breaks in

the bomb treated materiaL, iui tie X-ray treated material, and in tho gr~nd

totaL. M* ohi-squarc tests reported in Table 4 also show that the dis-

tribution of breaks among the lU chromosomes is different when Lot 5 is

oompared with 15000 r X-ray treatment and when the total nmteriai from the

bomb exposure is compared with the total X-ray mterial. A uritio"l

examination of these oata show that the six shortest chromosomes in the

X-ray series have morm breaks than expeoted, while the four longest

chromosomes bare less than the expected number of breaks. No such

definite relationship is evident in progenies from the bomb treated

seed*



Total ,opulation Lot3 Bikini

150_ 50

125- 25-

0100- 0

0 15ooor X-Ray

.. 75- 7

50 50

1 2 324 5 6 8 9 -5 1 _ 3 4 5 6 7 8 92

C hr o moso me.

Figure 1. Distribution of breaks among the 10 corn ý:hromosomss. Cross-hatched

bars are observed distributions; solid bars are calculated randco

d(stributictns.
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Tabie 4. Comparison of Uie ohromosome breaks observed in the progeny
from seeds exposed to the Bkik li and X-ray treatmnts.

Chi-square ialues for the

Chromo- omparison lndioated
some Lot 6 and TotaLe for Bikini

1500or 'and X-ray _ _

1 5.15 8*77
2 ,u2 002
5 3.78 1.86
4 o72 ,06
5 1.88 .680
6 i.a 1.86
7 6.5e1

9 1.54 671
9 100 $14

10 4.45 5.25

TotalI 22 .52 20.63
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Distribution of Breaks t_2 the Twenty Chromnosome Arms

The distribution of breaks among the twenty chrcmosome arms is presented

in Tables 5, 6 and 7 and figure 2 in much the same amwer as the data for whole

chromosomes given in Tables 1, 2 and 3 and figure 1. The nunbers of breaks in

chromosome arms 3S, 7L, 93, lOS and 1OL, are below the expected frequency in

Lot 3 of the bomb-treated groups and above the expected in the 15000 r X-ray

treated groups. This relationship between observed and expected number of

breaks is reversed when arms UL, 4S, 5S and 7S are compared. Both groups

have more than the expected number of breaks in chromosome arms 5L, 6L, as,

and 8L, and below the expected number in arms IS, 2S, 2L, 3L, 4L and 9L.
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bable S. Nhwbers of breaks observed in saoh ohrouioso arm in the propny
from oeeds exposod to the Ubst ABL Bomb at B]kini.

P4 II I I I

4a Lot 3Toa

'O'bOb vO 70OIb' Ob 7
Rdo. . o. .. No. -o. No. No.

1 0 0 2O 20.9 .04 0 0 20 22*3 .24
L 0 0 34 271 1.78 0 0 34 29.0 .8A

a 0 0 1s 17.2 1.03 0 1 14 18.4 1.06
1. 0 0 19 21.6 .31 0 0 19 23,0 ,70

3 8 1 0 11 12.0 .08 0 0 12 12•8 .05
L 0 0 19 24.2 1.12 0 0 19 25.8 1.79

4 8 0 0 14 13.1 .06 0 0 14 14.0 .00
L 0 0 16 21.2 1.28 0 1 17 22.6 1.39

3 '; 1 0 23 16.0 3.06 0 0 24 17.0 2.88
L 2 0 19 18.9 .00 1 0 22 20.2 .16

8 B 0 0 6 609 e12 0 0 6 7.4 .26
L 1 1 23 Z1.5 .29 0 0 25 2Z.9 .10

7 a 1 0 10 7.3 1.00 0 0 11 7.7 1.41
L 2 0 0L3 20.0 2.45 2 0 17 21.4 .90

8 8 1 0 12 6,6 4,42 1 0 14 7.0 7.00
L 1 1 31 21.1 4.85 1 0 34 22.5 5.88

9 .0 0 8 8.9 '09 1 0 9 9.5 .03
L 0 1 16 16.3 006 0 0 17 17.4 .02

10 a 0 1 4 5.7 .,51 0 0 5 8.1 .14
L 0 0 11 15.8 1046 0 0 1L 16.9 2.06

STolm is 10 4 522 279 6 2 344 26,69
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Table 6. Numbers of breaks observed in each ohromosome arm in the progeny from
seeds exposed to X-ray treatments.

5000 and 20000 and
Chromo-' 10000 r 15000 r 25000 r I Total
some I r 2S 'Ob C 'Ob C X2 Ob C ' Ob C I

No. No. No. No. No. No. No. No.

1 S 3 3.4 9 A4.7 2.21 6 5.2 18 26.2 1.17
L 1 4.4 13 19*0 1.89 2 6.7 16 30.1 6.60

2 8 5 2.8 9 12.1 .79 4 4.3 16 19.1 .80
L 2 6.5 14 15.1 .08 3 5.4 19 26.9 1.0

3 8 2 1.9 15 8.4 5.19 0 3.0 17 15,3 1.03
L 3 3.9 15 17.0 .24 5 6.7 23 26.9 .57

4 3 1 2.1 8 9.2 .16 1 3.3 10 14.6 1.45
L 3 3.4 10 14.9 1.61 8 5.3 21 23.5 .27

5 a 4 2.6 9 11.2 .43 5 4.0 18 17.7 .01
L 5 3.1 15 13.3 .22 5 4.7 25 21.0 .76

6 S 3 1.1 7 4.6 1.25 2 1.7 12 7.7 2.40
L 5 3.5 18 15.1 .56 5 5.3 28 2z.9 .70

7 S 1 1.2 5 5.5 .05 2 108 8 8.1 .00
L 4 3.2 19 14.0 1.79 5 5.O 28 22.2 1.52

8 8 1 1.1 5 4.9 .01 6 1.6 12 7.3 3.03
L 4 3.4 20 14.8 1.83 8 5.3 32 23.5 3.07

9 S 2 1.4 8 6.2 .52 4 2.2 14 9.9 1.70
L Z 2.6 9 11.5 .54 3 4.1 15 18.2 .56

10 S 0 .9 6 4.0 1.00 2 1.4 8 6.2 .52

L 2 2.5 12 11.1 .07 4 3.9 18 17.6 .01

Totals 52 226 19.19 80 358 26,87



Total population

73

50

•25 ,

oLot 3, Bi kini-

o

50

0

z

osooo r X-Ray

50

S LS Ls S LS L S L S LS L S L S LS L
S2 3 4 5 6 7 8 9 10

Chromosome a rm.

"Fiv- 2. Distribution of breaks among the 20 chromosome arms. Cross-hatched bars
are observed distributions; solid bars are random distributions.
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1ible 7. Numbers of braaks observed in eaoh ohromosome A&rw of the California
Institute of Tholmology oolleoti.on, oertain qisoellanoous stoc:u
and the grand total of all observed breaks.

SI C oI . T . w • r a n d
Chromo- Colieotion Total

Ob' C X ' Ob' Ob ' C '

No. No. NOo0

1 $ 22 28,6 1.62 1 61 76.3 3,08
L 31 37.0 .97 0 81 99.0 3.27

2 S 14 23.5 3.84 0 44 82.8 5.683
L 42 29.4 5.40 2 82 78.7 014

3 S 11 16.3 1.13 1 41 43.6 .16
L 34 33.0 .00 4 80 90.3 1.17

4 8 21 17.9 .54 3 48 47.8 $00
L 21 98.9 2.16 1 60 78.3 4.29

5 a 25 21.8 .47 2 69 58.2 1.99
L 31 25.8 1.05 4 82 69.0 2.43

6 8 10 9.5 .03 0 28 25.3 .28
L 33 29.3 .47 1 87 77.3 1.23

7 B 8 9.9 .36 0 27 26.5 .01
L 26 27.3 .06 5 76 73.1 .12

8 8 13 9.0 1.78 4 43 24.0 15.15
L 27 28.8 .11 1 94 77.1 3.72

Z9 --- A_ O 0

L 32 22.3 4,22 4 68 59.7 1.17

10 S 8 7.8 .05 1 22 20.9 .06
L 25 21.6 .54 0 54 57.7 .24

Totale 440 27.78 34 1176 44.49

/

fi,
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Chi-square tests shown in table 8 Jioate appreciable differnnoes

between the Bikini and X-ray treatments iL the distribution of broa", among

the 20 chromosome arms. Since the Bikini and X-ray groups represent oomparable

samples from the progenies of each treatment, the different effeots on so=

of the chromosomes and chromosome arms suggest an association between the

freqwtnoy of breaks and differences in the morphological features of tba

chromosomes* A consideration of this possibility is postponed unti± the

distribution of breaks within each of the trenty chromosome arm•u is presented.



Table 8. Comparisons of the breaks observed in eaoh ohromosome arm in the
progeny from seedo exposed to the Bikini and X-ray treatuents.

Chi-square values for theCl~rmosoo • ArmChromosoz. Armoomarison indioated
Lot 3 and Totai. ror Bikini

15000r and X-rAy

1 S 4.05 .38
L 12.99 10.62

2 S .00 .09
L o.05 005

3 S 4.98 1.63
L .25 .53

4 S .59 1.43
L .23 .62

5 S 8.13 1.95
L .25 .19

6 S 1.54 5.32
L *26 .15

7 S 1.18 1.04
L 7.26 6.01

8 S 3.38 .46
L .24 .32

9 S 1.01 2.29
L .80 .41

10 a8 1.e

L 3.27 3.75

Totals 52.82 58.72
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Distribution of Breaks along the Twenty Chromosome Arms
S- inMicron Sections

Table 9 shows the distribution of breaks along the arm by 5 micron sections

beginning at the fibre attachment for eacn chromosome arm of uitch radiation

group. These distributions in major groups are shown graphically in figures

3 and 4. The table also shows the calculated number of brealks derived by

dividing the total population of the group among the sections according to

the length of chromosome thread present in each. These sections, beginning at

the fibre attachments, total 100, 99.8, 96.4, 75.2, 68., 57., 41.8, 17.2 and

1.5 microns long respectively, for sections one to nine, respectiv 5.

The chi-squere tests show that the observed and calculated distributions

are significantly different for most major groups and that the distribution of

the breaks in the Bikini-treated material is different from that treated by
X2

X-rays, giving a X value of 25.19.

This comparison clearly indicates a preponderance of breaks in the ten

micror s adjacent to the fibre attachments and a dearth of breaks in the distal

portions of the arms. The latter seems more pronounced in the X-ray than in

the Bikini material.

The unmistakable prevalence of breaks adjacent to the fibre attachment

suggests that the heavily staining material so prominent near the fibre attach-
ment in many chrornosoe a-MS is ..... ni hi a n pnr for the non--raCdiij- di-r-

bution of breaks along the chromosome arms.
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Fig. 3. Distribution of breaks in 5-mnioron sections of the onromosor-as begiLaiag

at the fibr-e attachment. Cross-hatohed bars are observed uistributions;
solid bars awe -alculated random distributions.
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Distribution of breaks a groue of Chromosome arms.

The observation that the Bikini and I-raj treatments caused the number

of breaks to depart from the expooted number in tuie same direotion in some

chromosome arms and in the opposite direotion in others, suggested a regroup-

ing of the data. It was thought that morphologioax features that cause

differences in staining intensity may contribute to differences in the number

of breaks in different chromsome &rmi subjected to the same treatment and to

the same chromosome arms subjected to different treatment.

A parsonal element is likely to enter into any attempt to ascribe definite

morphologioal characteristics to a oan~mome or a group of ohromosomes. The

chromosomes of corn have oharaotcristia markings that make it nossible to.

identify each one. Certain morphological features that are common to groups

of Ohromosome arms are listed below,

Chromosome arms 6S, 7L, 9S, 108 and LOL stain heavily adjacent to the

fibre attachments.

Chromosome arms iL, 4B, 5S and 7S stain lightly throughout their length.

Chromosome arms 5L, 6L, 88, and 8L have mixed heavily-and Lightl. -stainirng

areas throughout much of their length. Chromosome arm 6S seems to fit beat

into this grnup.

Chromosome arms IS, 2L, 2S, 4L and 9L hr ve a distal heavily-staining

re gion.
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The data in Table 9 have been rearranged and summarized in Table 10 and

Figure 5. The percentage distribution of breaks is given ip Table 10 instead

of actual numbers of observed and expected breaks. The percentage distributions

permit a more ready comparison of the effects of the different radiation treat-

ments and of the differences in the morphological features of the chromosome arms

and sections of arms. The ratio of the observed to the expected percentage of

breaks shows the departure of ea-h group from the expected or general mean. These

tabulations do not lend themselves to statistical treatment, but seem useful in

the search for clues to explain why the treatments affect 3ertain chromosomes,

chromosome arms and sections of chromosome arms differently. A comparison of

the rearranged data from the Bikini and X-ray tr atments shows the differences

and the similarities in the distributions expected, since these were the basis

for the separation of the arms into 4 groups.
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The distribution for the total population approaches the oaloulated

distribution both in the group of arms that stain heavily adjacent to the fibre

attaohment and in the group staining lightly throughout their entire lengths,

due to oombini,.g the data from different treatments. The other two groups of

arms hvie departures from the calculated similar to those in the sub-populatioL3.

The distribution of breaks within chromosome arms in random populations

from the Lot 3 Bikini and the 150UU r treated seed will be examined critically.

•oni treatments give the greatest departure from the expected in the ten micron

• .cr..�djacent to the fibre attachment in the group of arms that stain lightly

throughout* In the 15000 r material the departure from the expected in the ten

microns adjacent to the fibre ettachment decreases as the distal sections of the

arms stain more heavily. In the Lot 3 mat4erial the departure from the expected

in the tp- mi- a adjacent to the fibre attachment decreases as this section

of the chromosome arms stains more heavily.

The two distal sections of the chromosome arms, if combined, show that the

Lot 3 materia.L closer to the expected than tle 15U00 r material in the two

groups of arms that stain lightly distally, while the relationship is reversed

in arms that have distal heavily-staining areas.

It is coc~!dfrom these com-.-isons thent vie Biki n± -t'ratw't was

slightly less effective than the X-ray treatment in producing breaks in heavily

stauinng regicns aud slightly more effective in lightly-staining regions of

twh chromosome arms, and that the number of breaks in different sections of

a chromosome arm seems to be associated with differences in staining intensit.Ty.

4



The data in Table 10 show somewhat different distributions of breaks

between the 1i5000 r X-ray treatment and the total X-ray population. These

differences led to the comparisons in Table 11 and Figure 6 of the average

position of breaks in the low, medium, and high X-ray and the Bikini treat-

ments.

The av age population of these four randomly-maintained progenies shows

that as the X-ray dosage increases, the proportion of breaks near the fibre

attachmert also increases and that Lot 3 from Bikini has a mean position of

breaks that suggests a dosage intensity intermediate between the low and medium

X-ray dosages.

A subdivision of the total population of breaks of each progeny into the

four groups of chromosome arms shows that the mean position bf the breaks

approaches the fibre attachment as the dosage increases in the case of arms

that stain heavily adjacent to the fibre attachment and, except for the low

dosage X-ray treatment, in arms that stain mixed heavily and lightly through-

out. The other two groups of arms show little to indicate a consistent change

in the mean position of breaks resulting from differences in radiation treat.-

ment s.

The mean position of breaks seems to indicate that high dosages produce

proportionately more breaks than low dosages in heavily-staining sections of

chromosome arms, and the chromosome arms staining heavily adjacent to the fibre

attachment offer the best material for differentiating between radiation treat-

ments.
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Tablg 1L- The average position of breaks in four different radiation treat-
ments for all and for four subdivisions of the chrumosome arms.

Position of Breaks
Chromosome

Arms Lot 3 5000 & 1500 20000 &
Bikini 10000 r 25000 r

All .1/24 .439 .408 .373
3S 7L 9S 1OS 10L .41-6 .537 .359 .328

11, 4S 5S 7S .383 .433 .370 .382

5L 6S 6L 8S 8L .471 .404 .438 .338

1S 2S 2L 3L 4L 9L .420 .422 .426 .426



-Ioi S Bikini
-5000 - lO0o0r X-ray

.50 - lSo15000 r X-ray
--20000 -23000r x - ray

.40

",-.. 30

0

S20

a-

All 3S 71 9s i1 43 51 6s 61 is 2form -5"- i' .-. -., w .m . 3! 9! •
Groups of arms.

Fig. 6. Average position of the breake (distanos from the fibre attacanmat)
in all ohromosome arms and in four groups of arms.
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The refationship between breaks of associated chromosomes

The possibility that there is a preferential association of certain

chromosomes in the formation of translocations was tested by comparing the

observed and the expected number of combinations of each chromosome with each

of the other chromosomes. The chi-square test, although not altogether satis-

factory due to the snall numbers in each comparison, shows that only, 7.3% of

the associations are outside the normal curVe.

The data for the association between chromosome arms are so meagre tUat

a chi-square test seems unwarranted. Of the 180 possible combinations, 17

were not obtained from the population of 588 translocations. There were 12

combinations that occurred with a frequency above 7.15, the number expected

for the association of the two longest arms.

An impression received during the cytological analyses of these trans-

locations suggests that the two breaks which unite to form a translocation

have a tendency to be the same distance from the fibre attachments. This

possible relationship is tested in Table 12 and shown graphically in Figure 7.

The distribution of the 1176 breaks among the various sections of the

chromosome arms is shown in the left-hand colum-- The. d.A& stri u+ of these

breaks as they are associated with breaks in each of the successive sections

is given in the body of the table. For a comparison of th; distribution of

breaks as a whole with the distribution of the associate breakts a parallel

tabulation is given.
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The ohi-square tests show that the observed distribution of the

associated breaks does mot fit the distribution of breaks as a whole in any

of the conparisons.

The mean position of the associate breaks shows that when the breaks in

the primary chromiosomes are more distaL, the breaks in the associated chromo-

somes are also more distal. Thus, the impression that breaks at similar distances

-from the fibre attachment are associated more frequently than expected is

oonfirmed.

Discussion

ThA distribul•ion of breaks in the chromosomes of corn, resulting from

the exposure of seed to X-rays or to the Bikini explosion, show many sigaificant

departures from the expected random distribution of breaks based upon the

length of the chromosome arms. The nca-random distribution of breaks resulting

from the X-ray treatments is most apparent in the long o!,romosomes with their

long ligitly-tsianing sections. In them the number of breaks is below that

expected. A comparison of differences in the number of brea"cs found in lang

and short ohromosomes and diffarenoes observed in material from different

radiatian treatnents indicates that non-random distributi)n of breaks is

general.

This general non-random distribution is also apparent whenever the

relative frequoncies of breaks in certain ciromosome arme and sections of arms

are co'Apared. They show that the Bikini exposures gave a distribution of breaks

among the twenty chromosome arms quite different from that caused by X-ray

treatments, and that heaaily-staining sections adjacent to fibre alk;taohants

had well abow the expected number of breaks in all radiation treatmnts.

F,



Kaufmann (25) in his analysis of breaks following X-ray treatment of

Drosophila melanogaster fbund that one-fourth of the breaks were in the

proximal heteroohromatio regions. T corn chromosome is not usually divided

into heteroohromatio and euohromitic regions, but the association of a high

frequency ofr.breaks with a high chromosome density seems very similar to the

eaoojation betreen ')reak frequencies and chromatic differences in D. melanogaster

chromoso me•.

The correlation of chromosome morphology and break frequency suggests that

in all radiation treatments there is an association between the intensity of

etaining and the frequency of breaks. This aszociation is most apparent in the

mere deeply staining ohroakosomes, chromosome arms and sections of chromosome

arms, since the total frequency of breaks in them is outstandingly high.

A comparison of different radiation treatments indioates that as the

dosage Increases, the number of breaks increases in the heavily-staining

* seotions, and decreases in the lightly-staining sections. Me Bikini treat-

ments procduoed effects that would suggeot a dosage intensity below 15000 r.

The ohroivaome arms that stain heavily adjacent to the fibre attaohment

have served best to indioate the differences in break frequency resulting from

different radiation treatments. 7he data on the positions of breaks in trans-

location complexes indicate that bWeaks equidistant from fibre attachment tend

a to be associated.

AnAly7sis of the 588 trsuslocaticns resulting from the exposure of corn

soeA to dif-frent radiation treatments, inol•ding the Ionising radiatioas of the

Bikini Test ABLI atomio bomb hrs led to the following oonolusionst
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The breaks prodi ed by the various radiation treatwnts ag'e not distri-

buted at random, among the 10 ohromsomes, the 20 onromosome arms, or the

different seotions of the ohromosome arms.

The noo-random distribution of the Bikini induced translooations is

different from that of the X-ray ' "eated oontrols.

Chromosome arms with mixed heavily and lightly staining areas hase more

than the expected number of breaks, regardless of the radiation treatment.

Chromosome arms with heavily staining distal regions have less than the

exp•oted numbers of breaks following all types of radiation exposures.

Chromosome arms staining heavily adjacent to the fibre attachment have

more breaks than expected when treated with A-ray and fewer breaks than ex-

peoted when exposed to the Bikini radiations.

Clwomoeome arms staining lightly throughout their length have fewer

breaks than expected when treatc - with X-ray and more than expected when ex-

posed to the Bikini radiations.

A comperison of the position of breaks resulting from lo, medium, and

high dosages of X-rays indicates that the proportion of breaks in heavily

staining areas is jreatest when the dosage is highest, and in lightly

staining areas is greatest af1tr low dosages.

The position of the breaks in Bikini-treated material indicates that the

dosage intensity was intermediate between the low and medium X-ray dosages studied.

Among the whole population of transLocations there is a tendency for breaks

the same distance from the fibre attachment to be associated more frequently

than expected on a random basis.
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Addendum

The two following tables ore the uncondensed data on chromosome

translocntions and inversions analyzed in these studies. These details

are given to make it possible for readers to reanalyze the data and to

acquaint other investigators with the different translocations and in-

versions being maintained by Dr. Anderson of the California Institute of

Technology.

The following key shows the sources of the various progenies.

Progenies Types of treatment

21, 22 5000 r X-ray

23, 24 10000 r

25, 26, 36, 37, 38, 43 15000 r

27, 28 20000 r

70 25000 r

01, 02, 03 Lot 1 Bikini bomb

04, 05, 06 "2 "

29, 30, 31, 32, 33, 34,
4U LUf) -

07, 08, 09 "6 "

10, 11", 12 " 7 "

58, 59, 65, 66 Miscellaneous

All others Calif. net. of Tech. collection

The cross bars, subdividing the column of position of breaks, separat.

the divisions of the chrcaoscme arms into 5 micron sections, beginning at the

fibre attachment.



Table A. List of Translocations

Progeny Position of breaks

x22-61 1S.96 4L.65 B-89 1S. 42 75.36

30-146 IS.90 8L.03 70-44 iS.40 6L.59

28-23 1_82. 4L.38 38-37 1S.33 5L.08

28-3t 1S.81 3L.50 30-106 1S.31 6L.25

30-73 1S.79 2s.54 A-80 IS.30 6 .00

B-49 1S.79 7S.37 b IS.29 5L.18

29-87 1S.78 5S5.28 30-80 I-S.29 6L.15

(2-7a) 1S .77 2s.24 26-12 1S.22 8L.46

37-154 1S.77 3S.65 34-109 IS.28 5S.16

38-30 1S.75 _3L.66 30-64 IS.28 8s.82

30-173 1S.75 9S.78 B-75 L9.26 2 L.49

X23-2 IS.72 55.71 1-17 1S.26 7L.24

30-36 1S.72 7L.14 c 1S.26 3L.12

c-47 1S.72 1OL.10 27-52 1S.25 6s.790

29-32 I.S-71 1C .70 27-59 1S.24 4L.31

A-69 1S.70 7L.72 38-4 1S.22 2S.40

39-36 1ST69 4L.71 26-28 1S.21 2S.25

31-16 1S.69 7L.53 31-13 IS.20 5L.12

c 1S.66 2L.22 37-77 1S.20 6s.77o

30-126 is.65 7L.41 a 1S.19 3L.15

c is.61 9L.32 A-61 1S.18 5S.73

29-4 3•s2_ s.60 0 1S.17 61.39

25-11 Is.54 2L.38 21-63 IS.17 6L.21

34-24 1S.42 1S_36 a Is.17 9L.17
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33-53 M.IA# 2L.3k 30-108 IL°11 6L.26

A•-101 IS. A3 26 ý74 XI-37 1]'.. 12 85. 51

0-15 113.12 3L.11 30-118 U1.13 2s.66

30-66 ]SMl 5L.67 34-95 1M.13 3L.11

A-69 18.09 78.67 32-66 IL.13 46s.11

66-op I.09 7L.65 26-4 •L.13 8B.08

2T-74 3B.09 88.53 26-83 M.14 aL.56

c-36 1s.09 1OL-.Z 26-hO 31.16 1oL.69

33-160 18.08 9L.49 B-104 M1.17 3L.13

37-41 3B.08 108.10 39-149 31.17 8.21

24-14 28.06 5L.02 30-102 3L.17 9L.17

1-98 1L.17 10L.30

o 1 .00 3.00 26-74 3L.18 hS.37

c-46 11.01 48.01 36-13 31.18 8B.4

3o-1o6 31.02 1s.o6 37-45 31.19 7L.82

39-35 11.03 5S.02 30-150 .L1.9 8L.14

A-90 IL.03 5L .09 3o-81 3.2o 8s.44

30-100 IL0.3 8L.13 32-160 1L.21 58.96

34-77 31.04 3L.65 1.21 6L.59

X41-13 i.o06 6L.i.5 30-129 31.21 8B.8o

31-51 3L.07 26.3l 37-83 31.21 98.14

30-80 IL.07 2s.31 3-89 IL.22 48.50

30-155 1L.09 3L.04 30-19 1L.22 7L113

30-109 i3.09 8&.28 155-16 3L.23 7L.59

7-10 1L.10 2L.28 B-2 1.2 31.07



, n3.29 7L.03 B- i 1.60 8L.82

B-92 IL.-3 6L.35 29-136 11.61 6L.73

30-5 1.t31 5,..7 A-33 1L.62 3L.h9

34-102 31.32 _ 3 2L39 34--3 31.62 8.L.79

A-57 11.33 h1sa6 34-94 iL.63 2M.52

A-37 IL.33 5S.A7 d 31L-63 s-72

30-71 IL. 3h 2L .71 33-6 iL.66 8L. 35

o IL.34 7L.14 26-36 U1,.68 Y.=71

'-9 IL.36 M- 35 d 1L.79 78.38

30-84 U1.36 9L.32 32-37 IL.79 9L.40

A-50 3L.36 10L.67 h0-ho 3L.81 3L.89

a 1L.38 1OL.21 24-45 31.85 8L.45

B•-94 31.42 7L.15 29-146 m1.86 31,.64

37-87 31.42 8L.31 28-32 u.86 __ L.1i

b L.A2 9L.54 29-130 31.90 3L.92

42 1L.4-1 .7L8 37-89 31.91 2L.70

26-19 1L.441 4L.08 33-31 1,.95 8L.73

29-16 31.47 7L.90

a 3I.49 4s.66 26-44 28.94 7L.31

25-64 31.50 5B.40 22-48 26.92 - - - 4L.08

43-26 31.51 98.19 43-9 2B.65 6L.lO

£ 31.52 58.35 X14-122 2S.79 58.28

b 3L.54 7L.16 26-92 2s.76 6L.7'1

1-24 IL.56 58.93 34-101 26.74 18.13

27-27 31.60 3L.81 28-6 2S.72 8L.62

29-136 1,.60 31,.76 37-120, P .70 36-89



b 25.69 6L.4<, 26,0 19 1

7o-4 2S.68 L6 22,2-1 26.19 5L.1-4
29-154k 2.67 3L-39 33-26 -819 6L.21

30-.1.8 2s.66 IL.13 A-36 28.17 -8a3

x 28.64 3L.3J 36-51 26.13 7L.19

o 28.59 -38.66 .s-69 26.12 58.23

1O-26/n17 2s.59 hl,..95 b 28.12 9L.12

37-146 28.57 5L.28 31-51 2S.11 1L.07

a 2.56 9L.'T 30-80 2.11 1U.07

30-73 28.5. US .79 Xh74 28.08 hs.16

22-46/48 _i__ 1*..T b 2B.05 36.10

38-4 26.40 18.22

33-74 28.4o 8L.55 C-AŽ4 2L.01 8L.01

7-2 28.38 10L.76 b 2.02 58.02

39-128 2S.37 68.81s X-7 2L.05 3L.08

27-31 25.35 86.6o ,-30 2L.05 6L.90

34-78 28.34 3L.16 36-159 2L.06 78.45

(2-8a) -3_ _ L_,80 28-39 2L.07 8L.11

25-24 2S.33 10L.23 C-31 2L.09 4.8.19

10-76 IPA _1 L-j A

30-145 26.30 5L.26 27-3- M.12867

26-28 28.25 1S.21 a 2L.I4 68.09

27-55 28.22 108.12 26-76 2L.A _ 108.07

34-133 2L.15 4L.23
39-122 28.20 3S.27 1-10 2L.36 3B.48

d 2B.20 4L.25 37-i15 aL.16 3L.18
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a ?, I 6 5S..!81 38-1,8 2.o3 u.3

a 2L.10 8L.81: 25-11 71-38 21: -54

B-I08 2L. 16 11 .16 34-102 2L-n39 1l..32

a 2L. 17 IOL .5 3 b 2L.Il 7L. 12

38-6 "s.20 14s28 A -16 2L.412 "3. A1

"27-24 2L.20 6L. 28 C-57 2L.4 3 %.50

142-32 2L.20 8L.22 3613 aL.45 L.21

o 2L.22 IS3.66 c 2L.48 To .50

38-60 ',,. 22 6L. 29 B-75 2L.49 IS. 26
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36-13 8L.23 4L1.66 36-26 8L.53. 5L.07

815 8L.24 58.28 58-op 8L.3s S.61

b 8L.2! 3L.15 25-23 4.,. 1L.34

31-8 8L.25 7L.83 33-74 - - - - .40

31-87 8L.27 6L.16 26-83 8L.56 IL. 14

3-91 OL.28 5L.21 36-52 8L.57 3.815

32-68 8L.2 7l,.96 8L.60 3.10

24-20 8Lo30 9S.15 C-75 8L.6o 7L.75

c-12 8L.30 9-.36 01-92/86 8L.61 5,.67

37-87 8L.31 IL.42 28-6 8L.62 2.72
29-95 83.31 3S.30 70-59 8L.64 7T..61

37-3 %.32 31..28 30-1110 8L.67 3L.o6

33-6 8L.3" nL.66 & 8L.68 10L.83

F-I 8L.37 IOL.18 30-19 _LP.6- - -. 30

36-9 8L.38 3 L-89 8L.70 1S.42

29-122 8f.39 5L.84 33-60 &.70 101.1O
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37-61 8L.72 6S.670 ii-..ii 96.68 5L.56

33-31 8L.73 IL.95 33-123 _6._6T IS. _60_

07-13/05-25 %.73 5L.97 27-11 96.66 66.31

25-61 8L.73 9L.63 25-2 96.64 IOL.83

34-128 8L .74 4L.54 23-19 96.51 SS.28

D-1 8L.78 6L.51 37-32 9S.46 51.67

34-3 8L.79 1L.62 26-30 96.42 2L.26

30-125 8L.79 5L.62 b 96.42 6L.13

a 8.81 m1.16 2C 57 96.41 8L.86

B-42 8L.82 m.6o 37-84 P-3_6_ :.L _

37-139 8L.82 5L.31 38-48 96.32 21.36

, _8L._8 6L_50 27-1 9S.27 8L.06

30-44 8L.81 2L .34 30-96 9S.2!5 5s.25

Bur. 8L.85 3S.25 7-11 96.N 78.92

26-57 8L.86 9.11 a 9S.21 5L.80

3A-12 8L.88 9L.15 o 98.20 3L.15

29-105 8L.89 5L.28 43-26 96.19 IL.51

39-51 8L.90 5L.73 29-39 9S.16 6L.12

x46-13 8L.90 6L.58 24-20 96.15 8L.30

25-51 8L.93 6L.79 37-83 ga.1 IL.21

30-35 8L.95 1L.63 28-9 96.14 4L.30

39-112 9s.4 7L.09

09-28/08-119 96.96 7L.65 b 93.11 1OS.28
32-86 96.88 11L.06 31-1 96.08 5L.07

S28-12 96.81 7L.03

30-73 96.78 s.B75 b 9L.12 2S.12

31-79 96.69 4L.03 59-op 9L.13 4L.01
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31-61 9L.13 7L.o7 30-84 9L..32 nL.36

29-1O 9-L.3 8.6- K-7 9L.32 2.92

A-26 9L.15 hL.11  1-9 9L.35 nL.36

X1-73 9L.15 %.22 39-131 9L.35 4.L.30

oA-48/46 9La3 6L. 2-12 3..6 -L3

3A-12•1 9L.15 8L.88 32-37 9L.AO 1L.79

a 9L.T 28.17 T 9L.AO 3L19

30-102 9L.17 IL? . X7-39 91.o %L.TO

D-25 9L.17 3L•.59 a 9L.o 68.-9

33-13 9L.17 6L.25 7-22 OL.42 8-.35

A-66 9.17 6L.2o 123-158 9L.44 3L.05

7-24 9L.'8 3L.46 26-47 9L.47 31A.47

x56-86 21.18 _ I,.16 33-160 9L.49 18.08

A-.6 9L.20 7L.2T a 9L.50 1.L.18

1,5-T8 9L.22 6L.17 b 9L.53 3,.118

32-124 9L.23 2L.2k b L.5._ 1.42

29-12 9L.21 3L.60 27-36 9L." 101.73

A-52 9L.24. 1s.6o 37-6o 9L.56 3L.80

X26-8 9L.21 8s.11 37-15. 9L•.58 4.48

30-137 9L.26 3L.il& 21-6x 9L.58 78.19

x1o-6 9L.26 5S.21 30-115 9L.6o

59-op %.26 108.49 7o-1. 9L.61 2s.68

bp 9L.27 kL.81 24-68 %.63 3.5o

A-9k 9L.29 3L.02 39-81 9L.63 %.51.

33-35 x 30 4.839 25-61 9L.63 8L.73

37-1 9L.30 6S.80o 67-P 9L.64 1.483

c 9L.32 1s.61 65-op 9L.61 5L.1.1
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B-105 A,-69 ýL.46 "-6-49 106.37 8L,17

36-159 2L-_7- -. 42 .36-101 10W.29 8L.09

a 9L.72 2S.56 1( ls.28 9L.11

26-61 9L.74 7L.84k b 0B.25 3L.61

24-17 9L.76 5L.86 1-22 106.20 6S.950

0-23 9L.76 68.54 27-,55 106.12 218.22
'2-7a) 9L.80 25.3) 3721 108.10 is.08

37-.12 9,.81 4L.66 26-76 lO1 ,07 2L.14

27-66 9L.83 4.L-83 27-76 IO.00 8 .00

b 7

38-16 9L.90 6L.49 X-17 1OL.01 4L.04

39-36 9L.93 4IL.41 38-52 1OL.02 4.01

37-t06 1OL.04 .6L.91

29.21 1o0.81 5L.82 D-36 1.oLOk 7L,,24

29-32 10os70 1S.71 38-46 IOL.o5 8Lo3

A-49 io0.68 5L.14 C-27 1oL.o6 6Q.15

D-13 108.62 6L.21 34-531 . M.07 58.06

o6-22/22 1os.61 MA.0 30-71 10L.08 48.17

o 108.71 8L.A3 C-47 iL.1o 1s.72

33-158 1O8.44 5S.78 a 10L.12 28
29-17 10U.SA 78.73 30-69 IoL.12 6S.30

7-25 108.hO 39.25 70-53 1%L.13 5L.66

A-23 108.40 6L.51 X12-57 IoL.14 4L.92
2 o-50 108.38 5,.81• OL.14 6L.17

36-16 108.37 8 33-10 LO,..4 7S.35

1< _



'b 1OL.11i 8627 A-50 IOL.67 .L-36

282 OL .3.7 56.18 157-16 1OL.6T as.T8

117-15 1LOL.17 6L.84. sfý -40Q.69 iL.1L6

7-1 10.148~ 8L.37 27-36 ]%13,"

37-160 1C'L.19 v.3-15 40-38 IOL44 584.6

a 3OL.19 6L.68 24-41 IOL.75 3L -37

I OL.21 1L.38 7-2 1OL-76 2B.38

21-2 OL.23 2S-33 26-62 1OL.6o 5L.10

B-29 1OL,23 3.2a IOL-83 SL.60"

C-36 1OL.2T 18.09' 25-2 IOL-83 b6

29-24 1OL.2T 5L 07 34-72 1ML..22--------2L.81

B-98 ICL-.30 31.17 26-60 IOL-93 3L.70

40A OL .30 56-33

a 1CiL-31 3L.27

30-1N .0,

k0-31L IOL-38 5S.341

A-811 IOL-39 214.79

30-60 10L.110 8L.70

28-29 ioL.16 5 1

.26-92 1OL-47 5L.33.

26-27 1OL.19 6iB.68o

36-1311 1IO.51. 4IL.53

a lOCL 23L k1

23-22 1OL.56 5s.62

b 1OL.57 4L.18

3-70 ioL.6o 5L.68
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Table B. List of Inversions

Progeny Poiticou of inversion

33-158 1S.88 L.67 34-59 38.73 L.69

33-101 Is.72 L.AO 06-18 3s.P6 L.09

39-61 3s.61 L.-4 33-13 38.09 L.25

31-49 IS.39 L.90 26-92 3L.08 L.39

30-115 IS30 L.30 34-16 3L.21 L.78

30-68 18.20 L.08 26-39 3L.29 L.89

32-119 IS.18 S.09

26-62 Is.15 L.08 37.12 4S8.89 L.72

30-98 is.o6 L.05 30-153 4'S.30 8.09

30-71 IL.07 L.17 32-34 48.29 L.53

29-92 3L.25 L.63 38-17 4L.13 L.60

03-11/17 2L.46 L.82 33-160 4L.15 L.44

21-77/88 1L.56 L.93 33-1i9 4L.16 L.77

37-156 4L.19 L.55

30-32 5.82 L.-1 37-116 4L.32 L.59

9-.ko 1R. -A1 T. 3M- T. k - T- 4

30-23 2.76 L.86

S30-15 2s.64 L.96 30-47 5S.78 L.86

30-52 2B.38 L.-3 30-100 5S.67 L.30

27-2 2L.13 L.64 27-75 5s.61 L.09

33-62 2L.18 L.58 28-65 5.-5 L.55

01-66 2L.2. L.76 30-3 58.41 S.04

26-60 ML.35 L.79 31212 58.41 L.8AI 37-112 58-33 L.39
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65-op 5L.26 L.81

38-58 6s.o9 L.87

29-119 6L.5 L.70

29-152 78.62 L.74

30-10T 78.37 L.57

25-62 7L.06 L.70

26-33 7L.15 L.74

32-152 TL.17 L.69

33-62 8L..27 L.37

3o-324 8.28 L.54

30-76 8L.51 L.86

29-21 8L.65 L.81

25-40 9.67 L.78

27-62 108.55 L.86

10-25 1L.31 L.$

842314



Defense Special Weapons Agency
6801 Telegraph Road

Alexandria, Virginia 22310-3398

TRC 10 April 1997

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
ATTENTION: OMI/Mr. William Bush

SUBJECT: Declassification of Reports

The Defense Special Weapons Agency (formerly Defense Nuclear
Agency) Security Office has reviewed and declassified the
following reports:

AD-366718"' XRD-32-Volume 3

AD-366726- XRD-12-Volume 2

AD-366703•- XRD-16-Volume 1

AD-366702 XRD-14-Volume 2

AD-376819L' XRD-17-Volume 2

AD-366704- XRD-18

AD-367451V XRD-19-Volume 1

AD-3667c•'Yr XRD-20-Volume 2 Ko- 7706-

AD-376028L- XRD-4

AD-366694- XRD-I

AD-473912- XRD-193

AD-473891- XRD-171

AD-473899- XRD-163

AD-473887- XRD-166

CA -4 7 388 8 ý XR D -1 67

AD-473889 = XRD-168



TRC 10 April 1997

SUBJECT: Declassification of Reports

AD-B197749 XRD-174

AD-473905o XRD-182

AD-366719" XRD-33 Volume 4

AD-366700ý XRD-10

AD-366712- XRD-25 Volume 1

AD-376827L- XRD-75

AD-366756r XRD-73

AD-366757. XRD-74

AD-366755' XRD-72

AD-366754'° XRD-71

AD-366710"( XRD-23 Volume 1

AD-366711- XRD-24 Volume 2

AD-366753" XRD-70

AD-366749- XRD-66

AD-366701- XRD-11

AD-366745 XRD-62.

All of the cited reports are now approved for public
release; distribution statement "A" applies.

ARDITH JARRkTT
Chief, Technical Resource Center

copy furn: FC/DSWA (DASIAC)
KSC


